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I. Introduction
Asia's high investment rates in recent decades have supported rapid expansion of infrastructure, which in turn has supported the region's rapid growth. How investments LQ SK\VLFDO LQIUDVWUXFWXUH DUH SODQQHG DQG ¿QDQFHG KRZ WKH\ JHQHUDWH XVHIXO VHUYLFHV and how those services are allocated to producers and consumers can be complex. Focusing on infrastructure assets, services, and markets, and the environment in which infrastructure makes its contributions to economic growth and development, helps in analyzing effective infrastructure investment and related policies.
Infrastructure consists of physical assets such as power generation, transmission, and distribution systems, transportation or communications networks, and water and sanitation V\VWHPV %\ VRPH GH¿QLWLRQV VRFLDO RUJDQL]DWLRQDO RU UHJXODWRU\ LQVWLWXWLRQV FDQ DOVR EH considered as infrastructure (often referred to as "soft" infrastructure to differentiate it from "hard" physical infrastructure). This paper focuses primarily on the role of hard (physical) infrastructure in sustaining Asia's growth. Even so, the scope is too broad to permit much more than an overview of relevant issues.
Infrastructure has been widely characterized by theory and empirical studies as a source and facilitator of economic growth. Infrastructure contributes to growth directly through LWV ¿VFDO VWLPXOXV HIIHFWV DQG WKURXJK WKH VHUYLFHV LW SURYLGHV ZKLFK FDQ VHUYH DV LQSXWV to other economic activities. Indirectly, it contributes to growth through externalities that improve productivity such as facilitating technology dissemination, prolonging the longevity of complementary capital goods, etc. For a region as trade-dependent as Asia, infrastructure that facilitates trade in the region can also lead to cross-country growth spillovers.
While Asian economies in general have grown at unprecedented rates in recent decades, sustained growth is imperative if the 1.8 billion individuals living below $2 a day (in purchasing power parity terms) in the region are to be lifted out of poverty, and if the region's Millennium Development Goal of halving the proportion of the population living below $1 a day by 2015 is to be achieved. 1 At present, the need for greater infrastructure remains substantial (see Table 1 ). Moreover, the rest of the world is looking at the Asian region to play an even more important role in shaping the world economy in the aftermath of the recent global ¿QDQFLDO FULVLV ZKLFK KDV PDGH HFRQRPLF UHVWUXFWXULQJ LQHYLWDEOH :KLOH WKLV PD\ PHDQ opportunities for high-and upper-middle-income countries in the region to consolidate their economic and social gains, it also implies opportunities for lower-middle and lowincome economies to catch up with their higher income counterparts in the region and the rest of the world.
In this context, it is important to understand how infrastructure can help sustain growth in Asian economies. In particular, it would be useful to know the parameters and variables related to infrastructure at different stages of development that policy makers have to consider over the medium and long term to ensure that Asian economies are well positioned to exploit the opportunities that global economic restructuring may offer. This paper intends to contribute to this important discussion through (i) a comprehensive overview of the issues and policies involved in infrastructure investment, postconstruction DVVHW PDQDJHPHQW DQG WKHLU SROLWLFDO HFRQRP\ LL UHH[DPLQLQJ WKH HPSLULFDO ¿QGLQJV DQG XQGHUSLQQLQJV RI WKH QH[XV EHWZHHQ JURZWK DQG LQIUDVWUXFWXUH LLL DQ HPSLULFDO analysis on the kinds of infrastructure that are critical in supporting growth for economies DW GLIIHUHQW VWDJHV RI GHYHORSPHQW DQG LY SROLF\ UHFRPPHQGDWLRQV IRU LQIUDVWUXFWXUH development in the region based on the preceding analyses.
The next section discusses some key characteristics of infrastructure that make it a special sector in terms of demand (consumption of infrastructure services) and supply (investment). Section III discusses the political economy of infrastructure investment. Section IV reviews the empirical literature on the interaction between infrastructure and growth. Section V describes the empirical methodology of this paper and analyzes the estimation results. Section VI concludes by discussing further challenges and issues in infrastructure investment. It also suggests some policy recommendations for infrastructure development in the region.
II. Key Characteristics of Infrastructure
According to Underhill (2010, 163) , infrastructure is "a broad mix of large scale public systems, services, and facilities … necessary for economic activity to function". While it LV DSSDUHQW IURP WKLV GH¿QLWLRQ WKDW LQIUDVWUXFWXUH FDQ UHIHU WR D YDVW DUUD\ RI ODUJH VFDOH structures and attendant services, this paper focuses on the physical infrastructure of WHOHFRPPXQLFDWLRQV HQHUJ\ DQG WUDQVSRUWDWLRQ ,QIUDVWUXFWXUH DVVHWV RIWHQ UHTXLUH ODUJH LQYHVWPHQWV DQG UHTXLUH OHQJWK\ FRQVWUXFWLRQ SHULRGV GHOD\LQJ UHDOL]DWLRQ RI WKH SRWHQWLDO for cost recovery. Such assets usually cover particular geographic areas with the services they generate and may be natural monopoly providers of their services within those areas.
A. Public Goods Characteristics
Infrastructure investments usually generate externalities, or spillover effects, which can be either positive or negative (or both, depending on who is affected The large scale and long time horizon also mean that infrastructure projects are usually bulky investments, which are more likely to be undertaken by powerful agents in the local economy (especially when foreign investment is discouraged). The domestic political or economic power of the investors leads in turn to threats of possible market dominance and/or regulatory capture. Good governance then plays a critical role in providing an DGHTXDWH OHYHO RI FRPIRUW IRU SULYDWH VHFWRU LQYHVWRUV WR SDUWLFLSDWH LQ LQIUDVWUXFWXUH investment. The complementarity of physical and institutional infrastructure has its RZQ G\QDPLF LQ WKH GHYHORSPHQW SURFHVV ZLWK GHYHORSPHQW RI TXDOLW\ LQVWLWXWLRQDO infrastructure often playing catch-up to physical infrastructure in the early stages of development.
B. Infrastructure-Industry-Growth Nexus
As a bulky expenditure in the economy, infrastructure is widely recognized to directly contribute to growth as a stimulus spending. This is what Roland-Holst (2006) termed as the Keynesian aspect of infrastructure spending. As a rule of thumb, total investment needs appear to vary from well over 7% of gross domestic product (GDP) in low-income countries to around 3.1 % of GDP in upper-middle income countries (Estache and Fay 2007) .
Another direct channel by which infrastructure and its concomitant services contribute to growth comes from its intrinsic property as an intermediate input to nearly if not all forms of economic activity. In the standard production function context, infrastructure is an input that improves general productivity and the productivity of other inputs (Straub 2008) . Empirically, the presumed link between infrastructure and growth stems from the idea that cross country disparities in productivity can be explained by differences in the availability DQG TXDOLW\ RI LQIUDVWUXFWXUH While the focus is on positive interactions between infrastructure and growth, there are also cases when infrastructure can dampen growth and/or exacerbate income LQHTXDOLW\ LQ DQ HFRQRP\ )LUVW WKH VSDWLDO FKDUDFWHU RI LQIUDVWUXFWXUH VHUYLFHV PHDQV that the geographical location of infrastructure assets affects the access to those services. Second, their public investment aspect also means that they compete with other essential investments such as those on health and education, which may or may not be more important than infrastructure in certain income levels. Third, the opportunity costs associated with infrastructure investment may also be substantial, especially when they are provided over their growth-maximizing levels (Canning and Pedroni 2004 The potential monopoly gains and the importance of infrastructure services as inputs to other production or sales processes (including transportation) similarly raises the VWDNHV IRU SULYDWH VHFWRU HQWHUSULVHV WR LQÀXHQFH WKH GHVLJQ DQG LQYHVWPHQW SURFHVV The strategic importance to public well-being of some infrastructure services (notably transportation, water, and power) makes them easy targets for suppressing prices below market levels. Price suppression may be politically popular, but it encourages overconsumption and waste by consumers and discourages suppliers from providing expanded services.
III. Political Economy of Infrastructure
Concerns about strategic importance (including for communications) may also be used to limit foreign investment. Conversely, some foreign investors may be able to exert XQGXH LQÀXHQFH WKURXJK WKHLU PXFK JUHDWHU VL]H DQG PRUH GHYHORSHG KXPDQ UHVRXUFHV particularly in smaller and poorer economies. Poorly developed local bond markets may give foreign investors with easier access to international markets an advantage over local LQYHVWRUV LQ ¿QDQFLQJ LQIUDVWUXFWXUH SURMHFWV When some or all of these factors come together in designing and implementing a public-private partnership for a large, high-stakes project, there is tremendous temptation IRU RQH RU PRUH SDUWLFLSDQWV WR WU\ WR UHVRUW WR VLGH RU LQIRUPDO SD\PHQWV WR LQÀXHQFH WKH QHJRWLDWLRQ SURFHVV *RRG JRYHUQDQFH EHFRPHV FULWLFDO LQ PDLQWDLQLQJ HI¿FLHQF\ RI investment. A policy environment that aims to be conducive to infrastructure investment will have policies that are long-term (to match the investment horizon), certain (to mitigate risks for investors), and transparent (to promote competition where feasible).
IV. Review of Empirical Evidence on Infrastructure's Contribution to Growth
A.
Growth Accounting Framework
The predominant approach to the empirical study of the relationship between growth and infrastructure has been through the growth accounting framework. Infrastructure is normally included as a factor of production together with noninfrastructure capital, labor, and human capital. A pioneer of this approach is Aschauer (1989) Aschauer have continued to use public expenditures as proxies, but the assembly of data sets on infrastructure stocks later on led to the predominant use of the latter in more recent empirical studies.
Second, in a study dealing with subjects across time, one has to deal with the time series properties of the data. Numerous studies have found that many of the variables included in infrastructure-augmented growth models tend to exhibit nonstationarity in their levels, which may lead to spurious regressions if simply ignored. This is particularly true for variables such as GDP per capita (Egert et al. 2009 ).
Third, aside from the stationarity, one also has to deal with issues of heterogeneity of the subjects in a cross country and panel analysis. The issue may be particularly severe when members of a panel are diverse (Hurlin 2006) as is the case in our study.
Fourth, in an analysis that attempts to examine the effect of different types of infrastructure on growth, it is important to deal with multicollinearity among the LQIUDVWUXFWXUH YDULDEOHV ,QGHHG &DOGHURQ DQG 6HUYpQ ¿QG D FRUUHODWLRQ RI between telephone density and power generating capacity and a 0.6 correlation between roads and power generating capacity.
Fifth, endogeneity is an aspect of infrastructure-growth analysis that should be examined. Infrastructure can contribute to growth but infrastructure stocks may also be increasing because more prosperous economies (those growing faster) have a tendency to increase investments in infrastructure (Hurlin 2006) .
While there are many empirical works on the subject, few are comprehensive enough to deal with the all the complications arising from the nature of the investigation. Seethepalli et al. (2008) employed a panel of East Asian economies but did not confront the heterogeneity of the subjects in the study, reasoning that the issue is less relevant because of the short number of observations.
Straub and Terada-Hagiwara (2010), on the other hand, conducted three types of empirical analyses. Their cross section analysis of 102 countries collapsed the data set through averaging over the period. 3 While averaging is an accepted smoothing WHFKQLTXH DQG UHJXODUO\ DSSOLHG LQ JURZWK DFFRXQWLQJ IUDPHZRUNEDVHG VWXGLHV WKH scale of averaging involved in this exercise is such that it can at best only give tentative indications of the relationship between infrastructure and growth. The second set of the Straub-Hagiwara analyses attempted to capture the growth externalities arising from infrastructure investment by performing individual time series regressions for 14 developing countries in Asia, employing total factor productivity (TFP) as dependent variable, and infrastructure stocks as control variables. However, this procedure did not DGHTXDWHO\ WDNH LQWR DFFRXQW WKH WLPH VHULHV SURSHUWLHV RI WKH GDWD )LQDOO\ WKH WKLUG VHW RI analyses involved a panel approach using the same methodology as the second set of analysis.
&DQQLQJ DQG 3HGURQL GHDOW DGHTXDWHO\ ZLWK WKH WLPH VHULHV SURSHUWLHV DQG heterogeneity and endogeneity issues of the data in their panel of countries but examined only the direction of the net impact of infrastructure on growth, not its extent.
Hurlin (2006) Overall, the majority of growth accounting-based frameworks have found empirical support for a positive link between infrastructure and growth (Straub 2008 
B. Cost Function Approach
Aside from the growth accounting framework, the other mainstream approach to examining the infrastructure-growth nexus is through a cost function framework, which DVVXPHV WKDW D ¿UP PD[LPL]HV SUR¿W JLYHQ WKH SULFH RI LWV SURGXFW DQG D FRVW IXQFWLRQ that takes infrastructure into account (Egert et al. 2009 ).
Using this approach, Iimi (2008) employed a business environment survey and estimated substantial cost savings from improved electricity, water supply, and telecommunications IRU ¿UPV LQ VHOHFWHG (XURSHDQ DQG &HQWUDO $VLDQ FRXQWULHV FRQWULEXWLQJ WR HFRQRPLF growth. Demetriades and Mamuneas (2000) found positive contributions of public infrastructure capital to the supply of products in an economy and its demand for inputs of production.
Aside from the two general frameworks mentioned above, there remain a number of imaginative yet pragmatic ways to study the growth-infrastructure nexus. Straub (2008) has pointed out the importance of studying the spatial characteristics of infrastructure DQG LQFRUSRUDWLQJ DGYDQFHV LQ WKH ¿HOG RI HFRQRPLFV RI DJJORPHUDWLRQ WR PDNH HPSLULFDO literature more relevant and informative to policy makers. Hulten (1996) stressed that the effectiveness with which infrastructure is used or maintained can be more important than green infrastructure investments. Agenor and Moreno-Dodson (2006) provide a survey of empirical studies of how infrastructure contributes to growth through indirect channels such as labor productivity improvements, reduced adjustment cots, extended durability of other capital, and improved access to education and health services. Calderón and Servén (2005) also explored the links between infrastructure and income distribution.
V. An Empirical Approach to Infrastructure and Stages of Growth

A. Theoretical Framework
This paper adopts a Cobb-Douglas infrastructure-augmented aggregate production function as a starting point for the analysis.
(1)
Y is output, K is (physical) capital stock, H is human capital stock, Z is infrastructure stock, L is labor, and A denotes total factor productivity. As is common in the literature, constant returns to scale is assumed.
Expressing the variables in per worker terms and taking their logs gives the estimation IXQFWLRQ GHVFULEHG E\ HTXDWLRQ 4
Parameters D E and J denote the elasticities with respect to output and H is a disturbance term. Infrastructure appears twice in the function above: once lumped together with other capital and then once again by itself. J therefore cannot be directly interpreted as the elasticity of infrastructure. Instead, it merely represents the extent to which the output contribution of infrastructure capital surpasses or falls below the output contribution of total capital (Calderon and Serven 2005). It can be interpreted as the impact of redirecting resources invested in other types of capital to investments in infrastructure &DQQLQJ DQG %HQQDWKDQ 2Q WKH RWKHU KDQG LQVLJQL¿FDQW FRHI¿FLHQWV LPSO\ WKDW infrastructure has the same return as that associated with other capital (Estache and Fay 2007) . The implication is that the elasticity associated with infrastructure depends on its ratio to capital stocks (Hurlin 2006 Tables  (PWT) .
Infrastructure Variables 6:
The data on the number of workers used to derive the per worker variables was sourced from the World Development Indicators (WDI). 7
(i) Telecommunications
All telecommunications data were sourced from the World Databank. There are no direct data pertaining to capital stock. They were derived using the perpetual inventory method. A uniform depreciation rate was assumed to be 0.07 while the initial capital stock was derived using the approach of Bernanke and Gurkaynak (2001) , which used the 10-year forward average growth rate of output to approximate an economy's steady state growth rate. The investment and real GDP values used for the computation were sourced from PWT 6.3.
(ii)
Human capital stock
The average years of schooling of an economy's population aged 15 and above IURP %DUUR DQG /HH
C. Methodology
Two models were employed to estimate the effects of infrastructure on growth. Model HPSOR\V RUGLQDU\ OHDVW VTXDUHV 2/6 ZKLOH PRGHO HPSOR\V LQVWUXPHQWDO YDULDEOHV WKURXJK WZR VWDJH OHDVW VTXDUHV 6/6 0RGHO LV HPSOR\HG WR WDNH LQWR account possible endogeneity in the model, which cannot be completely addressed E\ VLPSO\ XVLQJ VWRFNV UDWKHU WKDQ ÀRZ YDOXHV ,QGHHG +DXVPDQ VSHFL¿FDWLRQ WHVWV FRQ¿UP VLPXOWDQHLW\ EHWZHHQ WKH ORJ YDOXHV RI GLIIHUHQW LQIUDVWUXFWXUH VWRFNV DQG *'3 Instrumental variables (IV) were therefore employed by using the lag of the explanatory variables as instruments except for education, which uses parental education as instrument. 10 Fixed effects (FE) were used in both models (1) and (2) and above. 11 A category of mid-income economies, which is the sum of economies classified as lower-middle and upper-middle income economies, is also introduced to exploit the asymptotic properties of instrumental variable regressions.
D.
Results 12
Telecommunications
There is considerable empirical evidence on how access to telecommunication infrastructure has improved the income of the poor, and thus promotes growth. 
Transportation
This paper attempted to capture the growth contributions of transport infrastructure using different variables. For the full panel (see Appendix Tables B.1 to B.5), air transport ("proxied" by air carriers and airfreight) as means of moving people as well as goods are supportive of growth. So are roads and rail networks. But rails as a means of transporting goods did not prove to support growth as much as other capital. The same conclusion DSSOLHV WR WKH FRPELQHG OHQJWK RI URDGV DQG UDLO QHWZRUNV 7KLV SHUKDSV UHÀHFWV D JHQHUDO substitution effect between the two forms of transport.
In Asia, only roads were found to be more productive than other forms of capital. The relationship between air transport and growth observed in the full panel is not detected for Asia. Meanwhile, we refrain from drawing conclusions on variables involving rail due to the smaller sample sizes involved in the analyses. 
Energy
(OHFWULFLW\ FRQVXPSWLRQ LV RQO\ VLJQL¿FDQWO\ DVVRFLDWHG ZLWK JURZWK IRU WKH KLJKLQFRPH group (Appendix Tables C.1-C.5). On the other hand, electricity production does not seem to be supportive of growth for any group of economies. In fact, upper-middleincome economies appear to have overinvested in electricity consumption and production, implying that investments in other forms of capital might support growth better.
However, estimations with energy generation and consumption, which are broader variables than electricity, indicate that energy generation supports growth in the full panel of economies, in Asia and in upper-middle-income and high-income economies. Energy consumption also supports growth in high-income economies, while the same does not appear true for upper-middle-income countries.
To account for possible biases in energy generation results arising from the status of an economy as an exporter of energy, an estimation excluding all major crude oil exporting economies was performed. The results suggest that energy production (albeit with lower
FRHI¿FLHQWV DQG XVH FRQWULEXWH WR JURZWK LQ QRQRLO H[SRUWLQJ HFRQRPLHV ,W LV LQWHUHVWLQJ WR QRWH WKDW HQHUJ\ FRQVXPSWLRQ ZKLOH LQVLJQL¿FDQW LQ WKH SDQHO LQFOXGLQJ RLOH[SRUWLQJ HFRQRPLHV EHFRPHV VLJQL¿FDQW RQFH WKHVH HFRQRPLHV DUH WDNHQ RXW RI WKH HVWLPDWLRQ
4.
General Results
In general, results of infrastructure's ability to explain growth differences across economies vary with the type of infrastructure. Ascher and Krupp (2010) , high returns on infrastructure variables tend to be observed when investment in them has been lagging behind those of other factors of growth. Moreover, the marginal returns from additional infrastructure investments crucially depend on the extent to which additional investments address existing bottlenecks in the network (Romp and de Haan 2007) , and the extent to which they create synergies with human capital and other investments to realize the potential for growth in an economy (Canning and Bennathan 2000) .
VI. Major Issues and Challenges in Infrastructure Investment
What and Where to Build?
7KH TXHVWLRQ RI ZKDW LQIUDVWUXFWXUH WR EXLOG FDQ JHQHUDOO\ EH DQVZHUHG E\ WKH UHVXOWV of the estimations. Economies should invest in infrastructure that yields high returns to growth. The results of the estimations above should be interpreted in the context of a 15 Estimations on sanitation infrastructure using the same methodology were also performed. However, the results were not very meaningful (erratic behavior of coefficients) in view of large data gaps. Moreover, since the direct contribution of sanitation is supposed to affect growth or productivity through human capital, there might be a need to model the effects of sanitation through its relationship to human capital instead of treating it in the same way as other infrastructure.
panel of data. The types of infrastructure and the optimal levels are expected to vary in an economy according to the levels of other inputs to production and the particular infrastructure bottlenecks that need attention.
7KH TXHVWLRQ RI ZKHUH WR EXLOG LV KDUGHU LI QRW LPSRVVLEOH WR DQVZHU XVLQJ WKH IUDPHZRUN of this study. The aggregate level of our data does not allow for the full spatial nature of infrastructure to be taken into account, nor for a proper assessment of the full potential of regional cooperation. This is one of the weaknesses of macro-level empirical study that is RIWHQ SRLQWHG RXW :KLOH DQDO\VLV RI DJJUHJDWH ¿JXUHV PD\ LPSO\ WKDW UHWXUQV WR D FHUWDLQ type of infrastructure are high, it does not take into account that the infrastructure may already be overprovided in some areas, while there remains a strong need for the same infrastructure in other areas. This can potentially be addressed if more disaggregated data on infrastructure provision can be used. This scenario is, however, more feasible in a study dealing with a single economy rather than a panel of economies.
These basic guides to what needs to be built and where, however, are rarely the
RQO\ FRQVLGHUDWLRQV LQ GHFLGLQJ ZKDW LQIUDVWUXFWXUH ZLOO EH FRQVWUXFWHG /HJLWLPDWH considerations pertaining to maximization of social returns through means such DV HTXLWDEOH DFFHVV SK\VLFDO DQG VRFLDO LQWHJUDWLRQ DQG SRVVLEO\ OHVV OHJLWLPDWH considerations pertaining to maximization of political returns often come into play and GH¿QH WKH FRQWRXUV RI SROLF\ PDNLQJ LQ LQIUDVWUXFWXUH
Obviously the decision making process will be crucial in allocating scarce infrastructure investments. Public sector budget limitations in most countries, and technical and managerial expertise in the private sector, argue strongly for involving private investment in infrastructure. At the same time, for the reasons described in Section II above, the public sector generally has a role to play as well. To address these dual sets of concerns, public-private partnerships (PPPs) are commonly advocated. PPPs work most effectively when public and private sectors each work to manage the types of risk for which they are best suited. For example, political risk may best be borne by the public sector while credit
ULVN FDQ EH PRUH HIIHFWLYHO\ KHGJHG LQ WKH SULYDWH VHFWRU DVVXPLQJ SULYDWH ¿QDQFLDO PDUNHWV DQG LQVWLWXWLRQV DUH VXI¿FLHQWO\ GHYHORSHG
To encourage and support private sector involvement in development of infrastructure DVVHWV DQG SURYLVLRQ RI LQIUDVWUXFWXUH VHUYLFHV RYHU DQ H[WHQGHG WLPH KRUL]RQ UHTXLUHV DQ enabling environment of property rights, guarantees, and good governance. This is why for more developed countries the complementary soft infrastructure becomes increasingly important. Reside and Mendoza (2010) suggest that the type of political stability that comes from a form of government with commanding authority may encourage investment, DQG ZKHQ FRPELQHG ZLWK D PRUH ÀH[LEOH UHJXODWRU\ UHJLPH PD\ OHDG WR EHWWHU SURMHFW outcomes. This could in part explain why infrastructure investment in Indonesia during the Soeharto era appears to have outperformed that in the Philippines. However, the authors also note that the expectation of high future growth as was common in much of 6RXWKHDVW $VLD EHIRUH WKH ± $VLDQ ¿QDQFLDO FULVLV FDQ OHDG WR PRUDO KD]DUG in which unviable projects get approved after passing through less rigorous screening processes.
As mentioned earlier, success in PPPs depends on reaching appropriate risk-sharing agreements and reliable institutional structures. In much of Asia, PPPs have become increasingly subject to renegotiation, particularly where there have been currency PLVPDWFKHV EHWZHHQ WKH LQYHVWPHQW ¿QDQFLQJ DQG VHUYLFHJHQHUDWHG UHYHQXH RU guaranteed service (demand) offtakes that were not supported by macroeconomic developments. Divestment or buyouts have also become common, in effect shortening WKH LPSOLFLW LQYHVWPHQW WLPH KRUL]RQ /RQJWHUP VWDEOH DQG WUDQVSDUHQW LQYHVWPHQW climate policies should help to reverse this trend.
In most countries, the technological frontier is advanced primarily through the private sector. At the same time, this perhaps relies on public sector support for research and development, and social services that support the development of human capital and innovation. The public sector also has a critical role to play in planning the development of infrastructure where industrial policy is a priority, rather than merely reacting to bottlenecks.
B. The Way Ahead
Infrastructure plays an important role in the growth of an economy, and in the distribution RI WKH EHQH¿WV IURP WKDW JURZWK 7KH SXEOLF JRRGV QDWXUH RI LQIUDVWUXFWXUH VHUYLFHV WKH bulkiness and lengthy time horizon of investing in infrastructure assets, and the potential (local) monopoly character of markets for infrastructure services all justify at least some public sector involvement in investment in infrastructure assets, provision of infrastructure services, and regulation of the markets for those services.
/LPLWDWLRQV RQ SXEOLF VHFWRU EXGJHWV DQG SULYDWH VHFWRU DGYDQWDJHV LQ LQIUDVWUXFWXUH WHFKQRORJ\ ¿QDQFLQJ PDQDJHPHQW DQG PDUNHWLQJ VWURQJO\ VXJJHVW D UROH IRU SULYDWH sector infrastructure investment and management. To realize private sector potential in infrastructure investment, regional debt markets to mobilize and allocate regional VDYLQJV DUH D SULRULW\ 0F&DZOH\ QRWHV WKDW WZR VLJQL¿FDQW IDFWRUV XQGHUSLQQLQJ WKH UHOXFWDQFH RI SULYDWH VHFWRU ¿UPV WR LQYHVW LQ LQIUDVWUXFWXUH KDYH EHHQ UHJXODWRU\ uncertainty and price suppression. Major reforms in the policy environment including better and more reliable policies and regulatory arrangements, and improved contract enforcement procedures, are likely to be needed to attract private investors. But complementarity of public and private sector risk and risk management capabilities highlights the potential for public-private partnerships in infrastructure. When the private LQYHVWRUV DUH IRUHLJQ DGGLWLRQDO EHQH¿WV DQG FRPSOLFDWLRQV DUH SRVVLEOH DQG JRRG governance becomes even more essential.
As economies grow and develop, their demands for infrastructure services evolve over time. The analysis here has shown that for low-income economies, where it is likely that all forms of infrastructure can raise productivity, the ability to communicate through telecommunications services may be most important. Fortunately, modern communications technology allows large geographic regions to be covered by such VHUYLFHV DW UHODWLYHO\ ORZ FRVW ZLWK VXI¿FLHQW FRVW UHFRYHU\ WR HQWLFH SULYDWH VHFWRU investment. The spatial distribution of other infrastructure investments in these economies may be critical for poverty reduction and ensuring inclusiveness of growth while avoiding severe congestion, particularly in transport infrastructure.
In middle-income economies, road infrastructure-and, as incomes rise, railway QHWZRUNV²PD\ EH PRVW VLJQL¿FDQW )RU KLJKLQFRPH HFRQRPLHV WKH UHVXOWV EHFRPH PRUH GLI¿FXOW WR LQWHUSUHW EH\RQG LQFUHDVLQJ HQHUJ\ FRQVXPSWLRQ EXW VXJJHVW WKDW KXPDQ FDSLWDO PD\ EH PRVW LPSRUWDQW 7KLV PRVW OLNHO\ UHÀHFWV WKH DOUHDG\ KLJK OHYHOV RI SK\VLFDO infrastructure assets, more sophisticated production processes, and dominance of knowledge-based industries. In this case more attention may be needed for maintenance of existing assets and connectivity of network infrastructure, both in single sectors (such as telecommunications or transportation networks) and in more complex logistics chains.
Better understanding of the dynamics of infrastructure's contributions to growth will assist planning over the lengthy lifetimes of infrastructure assets. As urbanization is closely correlated with rising incomes, development of urban infrastructure must balance EHQH¿WV IRU H[LVWLQJ XUEDQ UHVLGHQWV ZLWK SRWHQWLDO FRVWV RI HQFRXUDJLQJ UDSLG UXUDO±XUEDQ migration, and should be undertaken with a view of the overall system of cities in an economy.
$OORFDWLQJ VFDUFH UHVRXUFHV IRU HI¿FLHQW LQIUDVWUXFWXUH LQYHVWPHQW FXUUHQWO\ UHOLHV RQ LPSHUIHFW PHDVXUHPHQW DQG DVVHVVPHQW RI ERWK FRVWV DQG EHQH¿WV )RU H[DPSOH DW
SUHVHQW ZH FDQQRW DGHTXDWHO\ UHÀHFW WKH EHQH¿WV RI ORZ FDUERQ WUDQVSRUWDWLRQ V\VWHPV designed for road safety and fuel savings through public transport options. The issue of climate change mitigation and adaptation further complicates such evaluations.
&RVWV DUH DOVR GLI¿FXOW WR DVVHVV SDUWLFXODUO\ ZKHUH WKHUH DUH VL]DEOH H[WHUQDOLWLHV DQG
poor governance. It is often possible to raise the provision of infrastructure services ZLWKRXW LQYHVWLQJ LQ QHZ LQIUDVWUXFWXUH DVVHWV VLPSO\ WKURXJK HI¿FLHQF\ JDLQV LQ SXEOLF utilities (such as reducing piped water losses or increasing meterage of electricity).
Various empirical studies show that in some instances returns from infrastructure maintenance outweigh returns from new infrastructure investments (Hulten 1996 , Heggie 1995 . The greater visibility (and probably political returns) of new infrastructure however tends to create bias against maintenance (Ascher and Krupp 2010) . Better regulation of markets for public utilities, and particularly price regulation, can often yield substantial HI¿FLHQF\ LPSURYHPHQWV Regional cooperation is particularly important for infrastructure supporting international trade and investment (Brooks and Stone 2010, Hummels 2009 * denotes significance at 10; ** denotes significance at 5%; and *** denotes significance at 1%.
1
Robust t and z statistics are in brackets. IV = instrumental variables, OLS = ordinary least squares, 2SLS = 2-stage least squares. Note: Intercepts are not reported and simply reflect the average value of the fixed effects (Gould 2001) in the estimations. Source: Authors' estimates.
